SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT I, TOSHIKI YAMANAKA, a 
citizen of Japan residing at Osaka, Japan have invented 
certain new and useful improvements in 

A SEMICONDUCTOR MEMORY DEVICE 

of which the following is a specification:- 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to 
a semiconductor memory device utilized in a 
5 semiconductor integrated circuity and more 

specifically relates to layouts of data reading 
lines in such semiconductor memory devices. 

2. Description of the Related Art 
10 In semiconductor memory devices for 

reading and writing data, generally, when reading 
out data stored in a memory cell, its small current 
is amplified by a sense amplifier in order to output 
the data to the outside. 

15 FIG. 12 is a schematic block diagram of an 

example of conventional semiconductor memory device. 
Only one input terminal DI and one output terminal 
DO are shown in FIG. 12 for simplicity. 

In FIG. 12, data read out from a memory 

20 cell array 101 are inputted via a bit line pair BL 
and a data line pair CL to a sense amplifier 103. 

The sense amplifier 103 detects a very 
small potential difference on the bit line pair BL 
and amplifies it. A data element outputted from the 

25 sense amplifier 103 passes through a selection gate 



104 comprising an NMOS transistor and is latched in 
a latch circuit 105. The latch circuit 105 holds 
the data even after the operation completion of the 
sense amplifier 103. The data latched in the latch 
circuit 105 are outputted by an output buffer 106 to 
the outside at an output terminal DO. During a 
writing operation, based on an input data element 
inputted at an input terminal DI to an input circuit 
107, a write buffer 108 drives the bit line pair BL 
having a large load capacity, and writes the data 
element into a selected memory cell in the memory 
sell array 101. 

FIG. 13 is a schematic block diagram of 
another example of a conventional semiconductor 
memory device. In the semiconductor memory device 
shown in FIG. 13, data provided from a desired 
selection gate among a plurality of selection gates 
are outputted to the outside through an output 
terminal DO. Parts shown in FIG. 13 the same as or 
similar to parts shown in FIG. 12 are assigned the 
same reference numbers as those in FIG. 12. The 
semiconductor memory device shown in FIG. 13 is 
normally used when separating a large capacity 
memory cell array 101 into several blocks. 

In the semiconductor memory device shown 



FIG. 13, similar to the device shown FIG. 12, sense 
amplifiers SAO-^SAn detect a very small potential 
difference on bit line pairs BL and amplify it. One 
of the data elements outputted from the sense 
amplifiers SAO'-SAn is selected by selection gates 
SGO-'SGn, and latched in a latch circuit 105.- The 
latched data element is the one of the selected 
block -among a plurality of blocks having the 
plurality of sense amplifiers. 

In the actual circuit layouts of the 
semiconductor memory devices shown in FIGs. 12 and 
13, circuits within and outside of the memory cell 
array 101 have to be dense in order to reduce cell 
sizes. There are many varieties of signal lines 
laid adjacent to the output data line IDO. For 
example, FIG. 14 shows an example layout of such 
data lines. An input data line IDI for writing data 
and an internal control signal line CKL for 
transmitting an internal synchronization signal ICK 
are laid adjacent to an output data line IDO for 
reading out data. The internal synchronization 
signal ICK controls the whole internal circuit in 
the semiconductor memory device. In another example 
the output data line IDO is laid adjacent to wirings 
between a column gate 102 and sense amplifiers. 
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In such dense layouts, surrounding signals 
create a bad effect as noise. Especially, the 
output data line IDO is an important bus determining 
the operation speed, but it has a problem in that it 
5 is intolerant of noise. For example, the bit line 
pair BL transmits a very small electric current, and 
therefore is easily affected by noise generated by 
surrounding circuit operations. As a result, data 
output from the sense amplifiers may become 
10 incorrect- 

In a case where data speed is prioritized 
in a fast memory and the like, a latch circuit 105 
has weak data holding ability. If noise occurs 
during the holding period of the latch circuit 105, 

15 the output data line IDO is easily affected by the 
noise, and the data stored in the latch circuit 105 
may be inverted. And if noise invades the output 
data line IDO, it erroneously drives the large 
output buffer 106 and may induce further power 

20 supply noise. 

Japanese Patent Laid-Open Publication 11- 
134872 discloses one scheme regarding signal line 
layout for reducing cross talk noise where output 
data badly affect an external signal line. In the 

25 layout, the external signal line is disposed between 
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one signal line for transmitting non-inverted output 
data and another signal line for transmitting 
inverted output data in order to reduce the 
influence by noise generated by the output data line. 
5 In this case, transition periods of the output data 
line are noise sources. 

Another scheme is known (e.g., Japanese 
Patent 'Laid-Open Publications 7-211069 and 2001- 
167572), in which adjacent signal lines are changed 

10 at a regular interval in order to reduce coupling 

noise capacities between signal lines. This scheme 
can separate some couples that would make noise due 
to signal level variations, and can reduce the noise. 

Recently the coupling noise has become a 

15 serious problem as device sizes become smaller and 

smaller. FIG. 15 is a graph illustrating an example 
of noise influence on the output data line IDO shown 
in FIG. 14. As seen in FIG. 15, a signal on the 
output data line IDO has coupling noise due to the 

20 variation in a signal on the input data line IDI. 
After closing the selection gate 104, the data on 
the output data line IDO are maintained by the latch 
circuit 105 only. Under this condition, when a data 
element to be written is inputted to the input 

25 terminal DI, the level of the input data line IDI 



changes and then may influence the input data line 
IDO, which drives the output buffer 106, resulting 
in further power supply noise. 

When a data element to be written is 
inputted during the data holding period of the latch 
circuit 105, the output data line IDO may have a 
coupling noise as explained above. If both signals 
on the input data line IDI and on the internal 
control signal line CKL similarly change 
simultaneously, a signal on the output data line IDO 
is influenced and may be inverted, and then the data 
held in the latch circuit 105 may be broken by 
inversion. Therefore it is desirable to solve this 
noise problem. 

The input signal to the sense amplifier 
also may be subject to noise influence. For example, 
in a case where the internal control signal line CKL 
transmitting a large signal such as an internal 
synchronization clock signal ICK is disposed in 
parallel with wiring between the sense amplifier 103 
and the column gate 102 as shown in FIG. 12, the 
potential on the bit line pair BL is varied due to 
coupling noise. Especially, even if one bit line of 
the bit line pair BL is influenced by such noise, 
the sense amplifier 103 may malfunction or be 



-8- 



delayed. 

In the prior example shown in FIG. 13, 
similar to FIG. 12, if writing lines such as the 
output data line IDO or the data line pairs CL 
5 receive noise, malfunction may occur. Especially, 
when a split-word line system is employed, the data 
line pairs CL have long lengths- If the memory cell 
array 101 is separated into blocks as discussed in 
relation to FIG. 13, the sense amplifiers SAO'-SAn 

10 have to be disposed adjacent to corresponding memory 
cell blocks. Accordingly, the output data line IDO 
becomes longer, and therefore a signal transmitted 
on the output data line IDO becomes more sensitive 
to a coupling noise. 

15 In the split-word line system, since a 

plurality of bits are treated as one data element, a 
plurality of data lines are laid in parallel with 
each other. Accordingly, a conventional method for 
shielding the data lines with power supply lines 

20 requires a larger layout size. There is another 

conventional method in which the sense amplifiers do 
not read out while noise source circuits are 
operating. There is a further conventional method 
in which noise source circuits do not operate while 

25 data are being read out from the memory cell array- 
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These methods however require additional controlling 
circuits and may degrade the performance of the 
semiconductor memory device itself. 

Further there is another conventional 
5 method in which while data are being read out from 
the sense amplifiers, clocked inverters employed in 
the latch circuit 105 are prohibited from operating. 
In this method, it is necessary to match the 
inverter's timing with the selection gates and 
10 therefore to add a controlling circuit for 
controlling the timing. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
15 present invention to provide a semiconductor memory 
device that reliably prevents output noise, latch 
data breaking and output delays due to surrounding 
circuit noise, without any additional controlling 
circuit, additional noise prevention layout or 
20 degradation of memory circuit performance. 

Features and advantages of the present 
invention are set forth in the description that 
follows, and in part will become apparent from the 
description and the accompanying drawings, or may be 
25 learned by practice of the invention according to 
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the teachings provided in the description. 

Objects as well as other features and 
advantages of the present invention will be realized 
and attained by a semiconductor memory device 
5 comprising: an input circuit for receiving data to 
be written into a memory cell array and outputting 
the received data to write buffer circuits that 
write the received data into the memory cell array; 
an output circuit for outputting read data to the 
10 outside^ each of the read data elements having been 
read out from the memory cell array and amplified by 
a corresponding sense amplifiers; an input 
controller for controlling the input circuit so that 
the input circuit receives the received data only 
.15 during a predetermined period; a plurality of input 
data lines for transmitting the received data from 
the input circuit to the write buffer .circuits; and 
a plurality of output data lines for transmitting 
the data amplified by the sense amplifiers to the 
20 output circuit; wherein each of the input data lines 
and each of the output data lines are alternatingly 
and adjoiningly disposed on the semiconductor memory 
device . 

To achieve these and other advantages and 
25 in accordance with the purpose of the invention, as 
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embodied and broadly described herein, the 
semiconductor memory device may have the following 
characteristics . 

The input controller controls the input 
5 circuit so that the input circuit inputs the data to 
be written in synchronization with a leading edge of 
an external clock signal. 

The input controller generates an internal 
clock signal based on a predetermined external clock 

10 signal; and the input controller controls the input 
circuit so that the input circuit inputs the data to 
be written after an external write enable signal 
becomes an enable state and during a predetermined 
period since that the internal clock signal has 

15 become a predetermined signal level. 

The semiconductor memory device further 
comprises a signal line connected to a power supply 
or ground, the signal line being disposed outside of 
the outermost output data line.. 

20 The semiconductor memory device further 

comprises: a complimentary data generator for 
generating and outputting complimentary data of the 
data transmitted by each of the input data line; and 
a plurality of input complementary data lines for 

25 transmitting the complementary data from the 
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complimentary data generator to the write buffer 
circuit; wherein each of the output lines is 
disposed between the corresponding input line and 
its corresponding input complementary data line. 
5 The output data lines transmit latched 

output signals from the sense amplifiers, and the 
latched output signals are shielded by the input 
data lines. 

In the semiconductor memory device, during 

10 a writing operation, the input circuit outputs the 
received data to the input data lines; and during a 
reading operation, the output circuit holds data 
inputted immediately before the reading operation 
and outputs the inputted data to the input data 

15 lines. 

The semiconductor memory device further 
comprises: a plurality of bypass circuits, each of 
the bypass circuits being disposed between a 
corresponding input data line and a corresponding 
20 output data line, and transmitting the data on the 
corresponding input data line to the corresponding 
output data line. 

BRIEF DESCRIPTION OF THE DRAWINGS 



25 



Fig. 1 is a block diagram of a 
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semiconductor memory device according to a first 
embodiment of the present invention; 

Fig. 2 is a block diagram illustrating in 
more detail the layout of one sense amplifier 
circuity one selection gate circuit, one write 
buffer circuit, one output circuit and one input 
circuit shown in FIG. 1; 

Fig, 3 shows an example of the input 
•circuit of FIG. 2; 

Fig. 4 shows an example of the input 
controlling circuit of FIG. 2; 

Fig. 5 shows an example of the output 
circuit of FIG. 2; 

Fig. 6 is a timing chart showing the 
operations of the input circuit of FIG. 3 and the 
input controlling circuit of FIG. 4; 

Fig. 7 shows another example of the input 
circuit of FIG. 2; 

Fig. 8 shows another example of the input 
controlling circuit of FIG. 2; 

Fig. 9 is a timing chart showing the 
operations of the input circuit of FIG. 7 and the 
input controlling circuit of FIG. 8; 

Fig. 10 is a block diagram of another 
example of a semiconductor memory device according 
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to the first embodiment of the present invention; 

Fig. 11 is a block diagram of a 
semiconductor memory device according to a second 
embodiment of the present invention; 
5 Fig. 12 is a block diagram of a 

conventional semiconductor memory device; 

Fig. 13 is a block diagram of another 
conventional semiconductor memory device; 

Fig. 14 shows a conventional line layout 
10 in which an internal controlling signal line CKL is 
disposed adjacent to an output data line IDO; and 

Fig. 15 a . graph showing noise influence on 
the output data line IDO disposed as in FIG. 14. 



15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following^ embodiments of the 
present invention are described with reference to 
the accompanying drawings. 
{ First Embodiment ) 

20 FIG. 1 is a block diagram of an example of 

a semiconductor memory device according to a first 
embodiment of the present invention. FIG. 1 shows a 
memory cell array and data input/output portions 
only and omits an address input portion. 

25 In FIG. 1, a semiconductor memory device 1 
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is a bit slice type memory device and comprises a 
memory cell array 2 and a column gate 3. The column 
gate 3 connects a desired bit line pair extending 
from the memory cell array 2 to a corresponding one 
of data line pairs. 

The semiconductor memory device 1 further 
comprises sense amplifier circuits SACO-^SACm (m is a 
positive integer including zero) that read out and 
amplify data obtained from the memory cell array 2 
via the column gate 3 and the data line pairs, 
selection gate circuits SGCO'-SGCm that control 
output signals from the sense amplifier circuits 
SACO-'SACm, and an output circuit 4 that outputs a 
data signal outputted from one selection gate 
circuit exclusively selected among the selection 
gate circuits SGCO-^SGCm to a corresponding output 
terminal DOO-^DOn (n is a positive integer including 
zero) . 

The semiconductor memory device 1 further 
comprises an input circuit 5 that sends a data 
signal inputted through a corresponding input 
terminal DIO~Din to the memory cell array 2 for 
writing, and each of write buffer circuits WBC that 
outputs the data inputted from a corresponding input 
terminal DIO^-Din to write it into the memory cell 
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array 2, and an input controlling circuit 6 for 
controlling the operation of the input circuit 5 
according to a predetermined clock signal CK and a 
write enable signal WEB. 
5 Each of the sense amplifiers SACO'-SACm is 

connected to the corresponding output data line 
IDO0--IDOn via a corresponding gate circuit SDCO-^SGCm. 
Each of the write buffer circuits WBCO-'WBCm is 
connected to the corresponding input data line 

10 IDIO-IDIn. The output data lines IDOO'-IDOn are 

connected to the output circuit 4. The input data 
lines IDIO'-IDIn are connected to the input circuit 5. 
The output data lines IDOO'-IDOn and the input data 
lines IDIO--IDIn are disposed alternat ingly and 

15 adjoiningly so that the output data lines IDOO'-IDOn 
are shielded with the input data lines IDlO'-IDIn. 
The input data line IDIn and a grounded signal line 
7 are disposed one to each side of the output data 
line IDOn. Further, an internal control signal line 

20 CKL transmitting an internal synchronization clock 
signal ICK is disposed adjacent to the input data 
line IDIO and adjacent to the signal line 7. 

An example layout of the sense amplifier 
circuit SACO, the selection gate circuit SGCO and 

25 the write buffer circuit WBCO shown in FIG. 1 is 
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illustrated in FIG. 2. FIG. 2 further shows the 
output circuit 4 and the input circuit 5. The other 
sense amplifier circuits SACl-'SACm, the other 
selection gate circuits SGCl-'SGCin and the other 
5 write buffer circuits WBCl-WBCm shown in FIG. 1 have 
similar structures and therefore their explanation 
is omitted. 

In FIG. 2, the sense amplifier circuit 
SACO comprises sense amplifiers SAO'-SAn, the 

10 selection gate circuit SGCO comprises NMOS 

transistor selection gates SGO-'SGn, and the write 
buffer circuit WBCO comprises write buffer WBO^WBn. 
The output circuit 4 comprises output circuits 
OUT0--OUTn, and the input circuit 5 comprises input 

15 circuits INO'-INn. 

Each of the output circuits OUTO'-OUTn is 
connected to a corresponding output terminal DOO^DOn 
and a corresponding output data line IDOO-^IDOn. 
Each of the sense amplifiers SAO^-SAn is connected to 

20 a corresponding output data line IDO0--IDOn via a 

corresponding selection gate SGO'-SGn, and connected 
through a corresponding data line pair CLO-'CLn to a 
column gate 3. Each of the input circuits INO'-INn 
is connected to a corresponding input terminal 

25 DIO-DIn, and a corresponding data line IDIO-IDIn. 
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Each of the write buffers WBO-WBn is 
connected to a corresponding input data line 
IDIO-^IDIn and connected through a corresponding data 
line pair CLO-^CLn to the column gate 3. The write 
5 buffers WBO'-WBn receive a write enable signal (not 
shown) - The write buffers WBO'-WBn output data 
received from the input data lines IDIO-^IDIn to the 
data line pairs CLO-CLn, respectively, when the 
write enable signal becomes enabled. The column 

10 gate 3 is connected to a memory cell array 2 via bit 
line pairs BLO-^BLn. The input controlling circuit 6 
receives an external clock signal CK and a write 
enable signal WEB, and based on the received signals, 
provides a control signal LT to the input circuits 

15 INO'-INn to control their operations. 

FIG. 3 shows an example of the input 
circuit INk (k=0~n). The other input circuits 
INO-INn are all the same and have no need to be 
shown . 

20 In FIG. 3, the input circuit INk comprises 

clocked inverters 11, 12 and inverters 13, 14. If a 
high level control signal LT is inputted from the 
input controlling circuit 6, the clocked inverter 11 
turns ON and the clocked inverter 12 turns OFF. 

25 Data inputted from an input terminal DIk is 



outputted through the clocked inverter 11 and the 
inverter 13 to an input data line IDIk. 

Next, if a low level control signal LT is 
inputted from the input controlling circuit 6, the 
clocked inverter 11 turns OFF and the clocked 
inverter 12 turns ON. The input circuit INk forms a 
latch circuit by the clocked inverter 12 and the 
inverter 13. This latch circuit holds an output 
level that is the output level of the clocked 
inverter 11 immediately before the clocked inverter 
11 turns OFF. In this manner, the input circuit INk 
stops outputting data received at the input terminal 
DIk to the input data line IDIk, when the low level 
control signal LT is inputted. 

FIG. 4 shows an example circuit of the 
input controlling circuit 6 shown in FIG. 1. In FIG. 
4, the input controlling circuit 6 comprises an 
internal clock generator 21, a pulse generator 22 
and a NOR circuit 23. The internal clock generator 
21 receives an external clock signal CK and based 
thereon generates an internal synchronization signal 
ICK. The pulse generator 22 generates and outputs a 
low level pulse signal CKP having a predetermined 
pulse width at a leading edge of the internal 
synchronization clock signal ICK. The pulse signal 
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CKP is inputted to one input terminal of the NOR 
circuit 23 and a write enable signal WEB is inputted 
to the other input terminal of the NOR circuit 23. 
A control signal LT is outputted from an output 
5 terminal of the NOR circuit 23. 

FIG. 5 shows an example of the output 
circuit OUTk (k=0-'n) . The other output, circuits 
OUTO-'OUTn are all the same and have no need to be 
shown . 

10 In FIG. 5, the output circuit OUTk 

comprises a NAND circuit 31, a NOR circuit 32, 
inverters 33'-36, a PMOS transistor 37 and an NMOS 
transistor 38. An external output enable signal OE 
is inputted via the inverters 33 and 34 to one input 

15 terminal of the NAND circuit 31. An output signal 
of the NAND circuit 31 is inputted to the gate of 
the PMOS transistor 37. 

The PMOS transistor 37 and the NMOS 
transistor 38 form a push pull circuit connected 

20 between a power supply voltage Vdd and ground. A 
node between the PMOS transistor 37 and the NMOS 
transistor 38 is connected to an output terminal DOk. 
The inverters 35 and 36 form a latch circuit, and 
data inputted from an output data line IDOk are 

25 latched in the latch circuit. An output terminal of 
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the inverter 35 as a latch circuit output terminal 
is connected to the other input terminal of the NAND 
circuit 31 and one input terminal of the NOR circuit 
32. In addition, an output signal of the inverter 
5 33 is inputted to the other input terminal of the 
NOR circuit 32, and an output terminal of the NOR 
circuit 32 is connected to the gate of the NMOS 
transistor 38 . 

The output circuit OUTk usually receives a 

10 high level output enable signal OE . If the' output 
enable signal OE is high, the NAND circuit 31 and 
the NOR circuit 32 operate the PMOS transistor 37 
and the NMOS transistor 38, respectively, according 
to a signal level of a signal inputted from the 

15 ■ output data line IDOk. When the input signal from 
the output data line IDOk is high, the PMOS 
transistor 37 turns ON and the NMOS transistor 38 
turns OFF, and a high level data signal is outputted 
from the output terminal DOk. When the input signal 

20 from the output data line IDOk is low, the PMOS 

transistor 37 turns OFF and the NMOS transistor 38 
turns ON, and a low level data signal is outputted 
from the output terminal DOk. 

When the output enable signal OE is low, 

25 the NAND circuit 31 and the NOR circuit 32 turn the 
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PMOS transistor 37 and the NMOS transistor 38, 
respectively, OFF to stop outputting the data signal 
to the output terminal DOk, irrespective of the 
signal level of the signal inputted from the output 
5 data line IDOk. 

FIG. 6 is a timing chart illustrating 
operations of the input circuit INk shown in FIG. 3 
and the input controlling circuit 6 shown in FIG. 4. 
The operations of the input circuit INk and the 

10 input controlling circuit 6 are explained in more 
detail with reference to FIG. 6. 

When the write enable signal WEB is low 
indicating a write cycle, the NOR circuit 23 outputs 
a high level control signal LT while the internal 

15 synchronization clock signal ICK rises and the pulse 
signal CKP is low. The input circuit INk outputs 
data received at the input terminal DIk to the input 
data line IDIk while the control signal LT is high. 

When the write enable signal WEB is high 

20 indicating a not-writing cycle or the pulse signal 
CKP is high, the control signal LT becomes low and 
the input circuit INk stops outputting the data 
received at the input terminal DIk to the input data 
line IDIk. When the write enable signal WEB is high, 

25 if the internal synchronization clock signal ICK 
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rises, then the output circuit OUTk outputs data 
read out from the memory cell array 2 to the output 
terminal DOk. 

In this structure, as explained above, the 
5 output data lines IDO0--IDOn and the input data lines 
IDlO-IDIn are disposed alternatingly and adjacently 
to each other so that the output data lines 
IDOO-'IDOn are shielded with the input data lines 
IDIO-'IDIn. The input data line IDIn and a grounded 

10 signal line 7 are disposed one to each side of the 

output data line IDOn. Further, an internal control 
signal line CKL transmitting an internal 
synchronization clock signal ICK is disposed 
adjacent to the input data line IDIO and adjacent to 

15 the signal line 7. Parasitic capacitances are 

formed between the output data lines IDOO'-IDOn, the 
input data lines IDIO^-IDIn and the signal 7. 

When data are written into the memory cell 
array 2, the input circuits INO-^INn receive data 

20 inputted to the input terminals DIO'-DIn. The 

received data are transmitted through the input data 
lines IDlO-'IDIn, the write buffers WBO-'WBn, the data 
line pairs CLO-CLn, the column gate 3 and the bit 
line pairs BLO-BLn to the memory cell array 2. 

25 Next, when data are read out from the 
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memory cell array 2, data from a selected memory 
cell in the memory cell array 2 are inputted through 
a corresponding bit line pair BLO-'BLn to the column 
gate 3, and transmitted via a corresponding data 
5 line pair CLO-CLn to a corresponding sense amplifier 
SAO--SAn. The sense amplifier SAO-^SAn amplifies and 
outputs the inputted data signal. The outputted 
signal is transmitted to a corresponding output 
circuit OUTO'-OUTn via a corresponding selection gate 

10 SGO'-SGn and a corresponding output data line 

IDOO'-IDOn. The data inputted to the output circuit 
OUTO-'OUTn are outputted to the outside via a 
corresponding output terminal DOO-^DOn. 

The input controlling circuit 6 is used 

15 for limiting the input data acquisition period. The 
input controlling circuit 6 determines whether the 
write cycle is enabled based on the write enable 
signal WEB. The input controlling circuit 6 allows 
the input circuits INO'-INn to acquire data from the 

20 input terminals DIO-^DIn only during a certain period 
since detecting the write cycle. The input data 
lines IDIO'-IDIn and the output data lines IDOO-IDOn 
are disposed alternatingly and adjacently to each 
other . 

25 Generally, if the input data line is 
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disposed adjacent to the output data line, the 
output data line is subject to coupling noise. 
However, since the input controlling circuit 6 
limits the .inputting operation of the input circuit 
5 INO'-INn within a certain period in a write cycle, 
the input data lines IDlO-'IDIn do not influence the 
output data lines IDOO'-IDOn while the output data 
lines are reading out or holding data. While the 
operation of the input circuit INO-^INn is stopped by 

10 the input controlling circuit 6, signal levels on 
the input data line IDIO-IDIn do not vary and are 
stable at the preceding levels. Therefore, the 
input data lines IDIO--IDIn have a shielding effect 
that prevents noise from coming from other signals. 

15 While acquiring data in a write cycle, the 

input circuits INO'-INn operate and transmit data to 
be written onto the input data lines IDIO-IDIn. At 
that time, the signals on the input data lines 
IDIO--IDIn are transmitted via the sense amplifiers 

20 SAO-SAn to the output data lines IDO0--IDOn, 
respectively, causing no problem. 

During a write cycle, the sense amplifiers 
SAO--SAn read data provided by the write buffers 
WBO'-WBn instead of using small potential differences 

25 outputted from the memory cell array 2, and 
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therefore the operation is stable. 

Since both signals on the input data lines 
IDlO'-IDIn and the output data lines IDOO'-IDOn move 
in the same potential direction, they are not badly 
5 affected by coupling noise. Even if neighboring 
data lines have different {bit opposite) data, 
coupling noise is cancelled and no bad influence 
occurs . 

In the layout of the semiconductor memory 

10 device 1, many internal control signal lines CKL are 
disposed everywhere. In the prior art, the internal 
control signal lines CKL give noise to the output 
data lines IDOO-^IDOn. In the first embodiment 
semiconductor memory device, however, all the output 

15 data lines IDOO^-IDOn are shielded by the input data 
lines IDIO'-IDIn, and therefore the output data lines 
IDOO'-IDOn are not subject to noise from the internal 
control signal lines CKL. 

The input circuit INk in FIG. 3 may employ 

20 a flip flop. If so, the input circuit INk becomes a 
circuit as shown in FIG. 7, for example, and the 
input controlling circuit 6 of FIG. 4 may become a 
circuit as shown in FIG. 8. In FIG. 8, parts the 
same as or similar to those in FIG. 4 are assigned 

25 the same reference numbers as in FIG. 4. 
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In FIG. 7, the input circuit INk comprises 
clocked inverters 41-'44, and inverters 45-^47. 

When a high level control signal LT is 
inputted from the input controlling circuit 6, the 
clocked inverters 41, 44 turn OFF and the clocked 
inverter 42, 43 turn ON, and the clocked inverter 42 
and the inverter 45 form a latch circuit. The latch 
circuit maintains an output level of the clocked 
inverter 41 immediately before the clocked inverter 
41 turns OFF. The maintained data element is 
outputted via the clocked inverter 43 and the 
inverter 4 6 to the input data line IDIk. 

Next, when a low level control signal LT 
is inputted from the input controlling circuit 6, 
the clocked inverters 41, 44 turn ON and the clocked 
inverter 42, 43 turn OFF, and the clocked inverter 
44 and the inverter 4-6 form a latch circuit. The 
latch circuit maintains an output level of the 
clocked inverter 43 immediately before the clocked 
inverter 43 turns OFF. The maintained data element 
is outputted to the input data line IDIk. In this 
manner, if the low level control signal LT is 
inputted, the input circuit INk stops outputting the 
data received at the input terminal DIk to input 
data line IDIk. 
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With reference to FIG. 8, the input 
controlling circuit 6 comprises an internal clock 
generator 21, a NOR circuit 23, and an inverter 49. 
To one input terminal of the NOR circuit 23 is 
inputted an inverted signal that is obtained by 
inverting an internal synchronization signal ICK by 
an inverter 49. To the other input terminal of the 
NOR circuit 23 is inputted a write enable signal WEB. 
A control signal LT is outputted from the output 
terminal of the NOR circuit 23. 

FIG. 9 is a timing chart illustrating the 
operations of the input circuit INk shown in FIG. 7 
and the input controlling circuit 6 shown in FIG. 8. 
The operations of the input circuit INk and the 
input controlling circuit 6 are explained in more 
detail with reference to FIG. 9. 

When the write enable signal WEB is low 
indicating a write cycle, the NOR circuit 23 outputs 
a high level control signal LT while the internal 
synchronization clock signal ICK rises. The input 
circuit INk outputs data received at the input 
terminal DIk and latched by the clocked inverter 42 
and the inverter 45 to the input data line IDIk 
while the control signal LT is high. 

When the write enable signal WEB is high 
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indicating a not-writing cycle, the control signal 
LT becomes low and the input circuit INk stops 
outputting the data received at the input terminal 
DIk to the input data line IDIk. When the write 
5 enable signal WEB is high, if the internal 

synchronization clock signal ICK rises, then the 
output circuit OUTk outputs data read out from the 
memory cell array 2 to the output terminal DOk, 
FIG. 10 is similar to FIG. 2, but 

10 different in that between the input data lines 

IDIO-IDIn and the output data lines IDOO-IDOn, are 
inserted NMOS transistors QO'-Qn, to gates of which 
control signals LT are inputted. During a write 
cycle, in order to output data to be written from 

15 the output terminals DOO-^DOn, the sense amplifiers 

SAO'-SAn transmit data received at the input terminal 
DIO'-DIn to the output data terminal DOO'-DOn via the 
output data lines IDOO'-IDOn. Since the NMOS 
transistors QO'-Qn form bypasses between the input 

20 data lines IDIO-'IDIn and the output data lines 

IDOO-IDOn, data of the output data lines IDOO-'IDOn 
are prevented from becoming unstable at the initial 
period of the writing cycle. There is no need to 
pass through the sense amplifiers SAO-SAn, and 

25 therefore the operation of the sense amplifiers 
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SAO'-SAn can be stopped to reduce current consumption. 

In the semiconductor memory device 
according to the first embodiment of the present 
invention, the output data lines IDOO'-IDOn are 
shielded by the input data lines IDIO'-IDIn connected 
to the input circuits INO'-INn, the operations of 
which are limited only during a certain period in a 
write cycle by the input controlling circuit 6. 
Therefore coupling noise influences can be easily 
reduced without providing additional layout or 
controlling circuit or shielding the output data 
lines by power supply wiring, resulting in small 
circuit devices having high noise tolerance. 
( Second Embodiment ) 

Since complementary signals are 
transmitted on the bit line pairs BLO-^BLn connecting 
to the memory cell array 2 for inputt ing/outputt ing, 
it is necessary to generate inverted signals of data 
signals inputted to the input terminals. This 
inversion can be done immediately after the input 
circuits INO-^INn in a second embodiment of the 
present invention . 

FIG. 11 is a block diagram of a 
semiconductor memory device according to the second 
embodiment of the present invention. Parts shown in 
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FIG. 11 the same as or similar to those in FIG, 2 
are assigned the same reference numbers and their 
explanations are omitted. Only the differences from 
FIG. 2 are explained below. FIG. 11 only shows an 
5 example where n=0. Other examples other than n=0 are 
similar and their explanations are omitted. 

FIG. 11 is different from FIG. 2 in that 
an input data line IDIOB is provided corresponding 
to the input data line IDIO to form an input data 

10 line pair, the input data line pair IDIO and IDIOB 
being disposed one on each side of output data line 
IDOO to shield the output data line IDOO in FIG. 11. 
Further, a signal obtained by inverting a data 
signal from the input circuit INO by an inverter 

15 INVO as a complementary signal generator is 
outputted onto the input data line IDIOB. 

As explained above, the output data line 
IDOO is shielded by being accompanied by the input 
data lines IDIO and IDIOB one on either side thereof. 

20 Further, outside and adjacent to each of the input 
data lines IDIO and IDIOB, is disposed an input 
control signal line CKL transmitting internal 
synchronization signal ICK. Parasitic capacities 
are established between the output data line IDOO 

25 and the input data lines IDIO-^IDIOB. In this manner. 
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the input data line IDIOB transmits the inverted 
signal of a signal transmitted on the input data 
line IDIO, and therefore the output data line IDOO 
can be shielded by the input data lines IDIO and 
5 IDIOB to reduce noise on the output data line IDOO. 

In the semiconductor memory device 
according to the second embodiment of the present 
invention, the output data line IDOO is disposed 
between the input data line pair IDIO, IDIOB, which 

10 transmit complementary signals in order to shield 
the output data line IDOO. In this way, in the 
second embodiment, an advantage is attained similar 
to the first embodiment, and the inverted signal of 
the data signal inputted from the input terminal can 

15 be easily generated and transmitted to the write 
buffer . 

In the first and second embodiments above, 
explanations are given regarding noise to the output 
data lines holding data to be read out. However, 

20 noise to data line pairs connected to the sense 

amplifiers can be prevented by similar means. The 
data line pairs transmitting complementary signals 
are disposed between the input data lines in order 
to reduce noise to the data line pairs during data 

25 reading periods and prevent sense amplifier 
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malfunction and delayed data output. 

As clearly seen from the explanation above 
in semiconductor memory devices according to the 
present invention, output data lines sensitive to 
noise are shielded by input data lines, the signal 
transmission operations of which are limited only 
during a certain period in the write cycle. 
Therefore coupling noise influences can be easily 
reduced without providing additional layout or 
controlling circuit, resulting in small circuit 
devices having high noise tolerance. 

Further, the present invention is not limited 
to these embodiments, but various variations and 
modifications may be made without departing from the 
scope of the present invention. 

The present application is based on 
Japanese Priority Application No. 2003-036535 filed 
on February 14, 2003 with the Japanese Patent Office 
the entire contents of which are hereby incorporated 
by reference- 



